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Abstract 
The aim of our study is to determine the drying curve and the change rate of drying by solar energy on 
two plant materials, olive pomace, and colocynth, depending on solar radiation. The dynamics of drying 
is monitored using an indirect solar dryer operating in forced convection, located at the UDES west of 
Algiers. We determine the influence of some parameters on the drying kinetics. We used two plant 
materials according to well-defined quantities which are characterized by different initial moisture 
content( Mafart P., 1991) .In order to verify the reliabilityof the dryer to dry different products with 
different humidity, we studied the variation of the solar radiation, drying rate and variable ambient 
temperatures at the end of work we simulate using a software results in the change of obtaining plans 
designating the experimental curves obtained after the change of several parameters such as air 
temperature along the path in the dryer, as well as mass loss and speeds drying products subjected to 
drying. 
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Nomenclature:
X (t): Water content at any instant t (kgwater / kg DM)
M (t): Wet product mass (kg) 
Ms: Dry matter mass (kg) 
Mi: Initial mass of product before drying (kg) 
Mf: Mass of final product after drying (kg). 
Xeq: Equilibrium moisture of product (%). 
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1. Introduction  
The solar crop drying is a practice that dates back several centuries that was outdoors. It has been used for 
drying grains, meat and other agricultural products for consumption in the long term. Much of the world's 
production in dried fruits and vegetables continues to be dried by conventional methods such as outdoors. 
However, large-scale production limits the use of outdoor drying because it suffers from several 
drawbacks, among them, the inability to control the drying process properly, uncertainties of weather, 
cost of labor, need for large areas, infection by insects and other foreign matter. Solutions involving 
proposed solar devices such as solar dryers. A properly designed solar dryer can alleviate the 
disadvantages of open sun drying and makes the industry and the quality of the final product can be 
improved .The use of flat plate collectors for air drying of food products in recent years has become a 
common technique (Jean Claude Charpentier, 1996)   because of energy required by drying process and 
increase energy cost in recent decades (Daguenet .M, 1985). To succeed in such an operation, it is 
essential to involve drying chamber with an appropriate sensor operating temperatures allow a return in 
an interesting range, a short drying time and good quality dried product.
The experimental study is to measure following physical parameters: 
• Temperature of various sub systems of indirect solar dryer; 
• Overall solar radiation received and diffused in horizontal plane and global solar irradiance received on 
inclined sensor; 
• The relative humidity of the air inside and outside of the drier; 
• The weight loss products during drying. 
The experimental apparatus on which measurements were performed essentially: 
9 A solar dryer with forced convection indirect kind;
9 The equipment measures physical parameters;
9 A data acquisition system type FLUKE HYDRA.
2. Materials and methods 
Studied the solar dryer (figure 1) was designed and produced by UDES (Unit Solar Energy Development 
in BOU ISMAIL-). This is a system that converts solar energy into heat energy, through a heat transfer 
fluid (air). 
The air preheated in a plane solar air is sucked through a centrifugal fan through ventilation duct through 
which propels a drying chamber in which are arranged the products to be dried. In this chamber, the air 
passes through rack in normal direction to surface. At outlet of dryer, the air is discharged to outside. 
                   
(a)                                                   (b)                                                  (c) 
Figure 1: solar dryer elements: (a) general view of the solar dryer (b) drying cabinet; (c) Rack dryer 
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In order to monitor continuously the mass decrease during the drying process of the product, we fix the 
mass of the product to be dried by tray, the product weighed the first hurdle every 10 minutes to using an 
electronic balance (figure 2a) until the mass of the product becomes constant. 
The water content of a product expressed (1) ratio of water mass contained in product in relation to mass 
of dry matter. Evolution of absolute humidity (2) product during drying is therefore expressed by:  
ܺሺݐሻ ൌ ெሺ௧ሻିெೞ
ெೞ
                                       (1)      
ܺሺݐ ൌ Ͳሻ ൌ ெ೔ିெೞ
ெೞ
                                       (2) 
Equilibrium water content (3) which represents absolute humidity of product after drying expressed about 
it by: 
ܺ௘௤ ൌ 
ெ೑ିெ೒
ெ೒
                                       (3) 
       
              (a)                                         (b)                                            (c)                              (d) 
Figure2: measuring devices: (a) digital scale; (b) pyranometer, (c) Data logger; (d) Thermocouple 
Diffuse and global irradiance received on the sensor are measured using two pyranometers (figure2) that 
are installed on the building terrace during experience. 
To monitor the temperature prevailing inside and out of drying chamber is measured as the temperatures 
at inlet and outlet of sensor. All thermocouples is connected to a recorder 20 channel thermometer. 
The survey of different temperatures is through a data acquisition type FLUKE HYDRA FIG2D 
connected to computer. 
2.1. Period of experimentation: Our experimental study was conducted from March 11 to May 19, 2012 
in the wild calm wind. During this period, the time (weather) proved unpredictable (sudden changes in 
weather, fog, clouds and even rain), which made the conditions of our experiments quite tricky, 
experimental site is: Altitude 5 m, Latitude 36 ° 39 `, Longitude 2 ° 42 ` East. 
2.2. Product 
a. Pomace: The pomace (figure 3) is a by-product of the extraction process of the olive oil compound 
skins, pulp residues and fragments of the cores, it is composed of 25% water. The pomace is primarily 
used as a fuel for heating. A total of 2634.8 g, we take a sample of 117.90 g of this product and is spread 
over the first hurdle, the remaining 2516.9 g are left on the racks 2 and 3 of dryer in April 08th, 2011 
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(a) (b)
Figure 3: olive pomace (a) before and (b) after drying 
b. The colocynth (Citrullus colocynthis (L)): is an herbaceous, annual or perennial, creeping or climbing, 
(figure 4), native of North Africa and in the sandy desert regions. 
The gourd is an herb with therapeutic properties as laxative and vermifuge violent, it is used as a remedy 
for infections of the skin, it is also an antirheumatic and a purgative. 
Colocynth consists of 65% water. The initial mass of the sample to be dried which is deposited on the 
first hurdle is 105.27g and the rest is left on the trays 2 and 3 of dryer in April 9th; 2011. 
           
(a) (b)
Figure 4: Colocynth (a) before and (b) after drying 
3. Result and discussion 
3.1. Changes in solar irradiance and temperature versus time 
a. For olive pomace: figures 5 and 6, during April 08th; 2011, unclear and little bit hot and windy, we 
found that:  
- Evolution of the solar radiation as a function of time follows a Gaussian shape with a maximum of 924 
(w / m) at 13h 40; 
-Ambient temperature is almost invariably present and an average value of 22 °C; 
- Temperature of first hurdle gradually increases with time until it reaches its maximum value of 57 ° C in 
the middle of the day, after 13h the temperature decreases proportionately with decreasing solar 
irradiance. 
-Temperature of first hurdle is relatively high compared to higher hurdles due to its position in the drying 
chamber. 
- Temperatures of 2nd and 3rd rack are approximately equal with an average value of 30 ° C; 
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Figure7: Evolution of solar irradiance             Figure 8: Temperature change in dryer in April 9th ; 
2011
3.2. Evolution of the relative humidity as a function of time 
For the day drying olive pomace, Figure 9 showed that: 
- From 10:00 to 11:00 there was a significant drop in the product mass by approximately 40% due to its 
characteristics and the temperature of the drying air; 
- Beyond 11:00, there is a very small decrease in mass until stabilized at 14:30 because the humidity is 
very low in this product means that the product is dried. 
For the day of colocynth, we noted (figure 10) that: 
-A very significant decrease in product mass of about 60% (75% moisture lost) due to changes in 
temperature in dryer with the importance of solar radiation in first three hours of the day (10:00 to 12:45). 
-From 12:45 to 2:15 p.m. solar irradiance peaked despite, there has been a slight decrease of mass that is 
20% (23% moisture inside walls of product). Product has lost a large amount of moisture in first three 
hours. 
-Beyond 14:15, after several weightings, we note that the mass stabilizes; it stops the drying process at 
16:15 because the product contains more water, so the product is dried. 
Figure 9 : Evolution of pomace olive mass                                 
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Figure 10: Evolution of colocynth mass 
3.3. Evolution of the performance of solar collector
We noticed that the performance of solar has an average value of 25%, we also noted that the 
performance of the sensor decreases proportionally with the increase in solar irradiance, which means that 
the output is at a minimum when the sunlight is maximum, and this is consistent with previous work 
(Yves Jannot, 2007) (figure 11) 
Figure 11: Evolution of solar collector efficiency with time/colocynth 
3.4. Distribution of water content 
Product dries faster in first screens compared to product installed on the last, which is quite normal. 
Since, as and when the air feed into the dryer, its temperature decreases and the humidity increases. That 
is, the wet product sells its water to air since it governs a partial pressure of water vapor in the air lower 
than the surface of the product. 
3.5. The temperature distribution of the product 
As regards the variation of products temperature in different screens, figure 12 showed that there is a rise 
in product temperature during drying time, thanks to convective heat exchange between the air hot and 
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wet. Thus, product temperature for first hurdle and for drying day is almost equal to drying air 
temperature. However, last hurdle, there is marked decrease in product temperature for same drying time 
and this figure shows that product in the first rack dries faster than in upper racks. 
Figure 12: Temperature change in dryer in April 9th ; 2011 
3.6. Distribution of air absolute humidity 
Temporal evolution of drying air absolute humidity in first hurdle is observed in this case, water 
generated by evaporation of product is recovered by heated air. It means that, the air gets heated more 
water evaporated in last hurdle compared to the first, where moisture recovered from air decreases with 
time, since there is less evaporated water. 
3.7. Effect of hot air speed 
Studies have been done on effect of hot air speed on the product and show that: 
The speed varies from 0.75 m / s to 1.5 m / s, with a mass of 15 kg and a temperature of 333 K. The 
change in product water content at different speed shows that increasing the air speed will decrease 
product water content, and consequently, a decrease in drying time. The increase in drying rate can be 
explained by increase of convection on product surface and therefore increase the evaporation rate. The 
results are in good agreement with the work of drying apricots (Inci & all, 2003) and that made the potato 
(Krokida & all, 2003). 
3.8. Equations theoretical temperature function of the illumination system studied 
In this part of our work we used the software (GRAPHER) to determine the equations for each point of 
our solar dryer (temperature depending on the lighting) using the experimental results obtained from olive 
pomace and colocynth. 
After several trials, we found that: 
• On all obtained graphs, as examples we gave figures13 and 14, we see the same trend of experimental 
results with theoretical results compared with a coefficient of determination is approximately close to 1. 
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• The two curves begin with a slight difference that follows their superposition approximate. 
After obtaining these results were able to determine the temperatures of different parts of the dryer with 
any value of the solar irradiance. It was found that the experimental results agree with the theoretical 
results. 
After several attempts, we got different equations of different degrees and we chose the equation, the 
coefficient of determination (R ²) is closer to 1. 
Figure 13: variation of  2nd rack temperature 
Figure 14: variation of dryer outlet temperature 
4. Conclusion 
 This study has allowed us to monitor effects of some parameters influencing solar drying. 
 Results are represented by different curves are in perfect harmony with heat and mass transfer laws (S. 
Whitaker. 1980). We have shown that increasing temperature of drying air, which is most influential 
parameter leads to increased humidity in dryer and therefore to reduce drying time . Thus, the larger 
product’s diameter the greater drying time is long on one hand and leads to decrease in air temperature on 
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the other. Note that the dried olive pomace after 5hours, which is a shorter time than that obtained for the 
colocynth which is 9hours. The portion of drying air through the dryer multiple screens led to increase 
product water content. Water released in steam form is recovered by air. Parameters chosen allowed us to 
conclude that the drying proved short and efficient compared to other work on plants. 
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